Composts represent a sustainable way to suppress diseases and improve plant growth.
Introduction 4 0
The soil layer surrounding plant roots, the rhizosphere, hosts a mesmerizing diversity 1 7 1 sp. and Acidovorax sp. strains produced IAA. A high percentage of the Bacillus 1 7 2 strains assayed (85%, 17 strains out of 20) produced IAA, however at lower levels. Ethylene (ET) is a plant hormone that depending on its levels in plants can have either 1 7 4 positive or negative effects on growth 50 . ET depletion is achieved by many PGPR 1 7 5 strains through ACC deaminase enzymatic activity 10 . ACC deaminase activity was 1 7 6 measured by determining the production of a-ketobutyrate from ACC. Delftia sp. 2Ba46b was the most efficient strain, among the 25 strains that exhibited ACC 1 7 8 deaminase activity (Fig. 3b ). All the Delftia sp., Acidovorax sp. Advenella sp., Pseudomonas stutzeri, A. tumefaciens, Chryseobacterium sp., E. cloacae, 1 8 0 Ochrobactrum sp., S. maltophilia strains and 3 Microbacterium sp. strains were found 1 8 1 positive to ACC deaminase activity. These assays show that a big proportion of the 1 8 2 tested isolates have the potential to either synthesize hormonal analogs (IAA) or 1 8 3 modify hormonal precursors (ACC), affecting as such plant growth. Enrichment of selected members of the microbiome in the rhizosphere can usually 1 8 7 explain the beneficial effects conferred on plant fitness 16, 51 . In our case, Bacillus 1 8 8 isolates had increased representation among the rhizosphere strains (47 strains out of 1 8 9 143) accounting for 33% of the rhizospheric isolates (Supplementary Information 1 9 0 Table S1 ). Hence Bacilli were selected to be characterized for an array of enzymatic 1 9 1 activities and genetic markers associated with biological control activities. Microbial 1 1 shorter compared to control plants (Fig. 5b ). Root hairs' mean length of SynCom2-2 3 6 treated plants was significantly longer compared to the controls, however the number 2 3 7 of mature root hairs was not altered ( Supplementary Information Fig. S1 ). These data 2 3 8
show that while the SynComs contain microbes enriched in the rhizosphere of 2 3 9
tomatoes showing growth promotion, in vitro assays with Arabidopsis cannot capture 2 4 0 the complexity of the interaction between a community and a host that can support it. peat-based substrate) (Fig. 6 ). The effects were more striking in SynCom1-treated 2 4 7 tomato plants compared to plants treated with SynCom2, as they showed greater 2 4 8 growth in all parameters assayed ( Fig. 6 ).
4 9
The members of the tested SynComs derive from a compost not only 2 5 0 promoting tomato growth but also suppressing disease caused by soil-borne fungal 2 5 1 pathogens 26 . Since both SynComs could benefit tomato growth, we then wondered if 2 5 2 the tested SynComs could also reduce the symptoms caused by Fox after tomato 2 5 3 infection. Interestingly, plants treated with SynCom2 showed less disease severity 2 5 4 compared to the controls and SynCom1-treated plants (Fig. 7 ). The first Fox 2 5 5 symptoms appeared in the form of wilting and yellowing especially on older leaves at 2 5 6 14 dpi and were recorder until 22 dpi ( Fig. 7a ). Disease symptoms progressed more 2 5 7 rapidly in the control and SynCom1-treated plants, whereas SynCom2-treated plants 2 5 8 showed less prominent symptoms and slower disease development (Fig. 7a, c is required for its elucidation. Modern agriculture relies on the extensive use of chemicals to combat plant diseases 2 7 1 and increase yields, which have nevertheless a negative impact on terrestrial 2 7 2 ecosystems and human health. Therefore, the development and application of 2 7 3 alternative and sustainable ways to deal with phytopathogens is a matter of urgency. In this respect, composts with suppressive properties are used to control soil-borne 2 7 5 pathogens, that conventional methods, such as synthetic pesticides and resistant 2 7 6 cultivars fail to control 18, 21, 56 . However practical application of composts in 2 7 7 agriculture is limited due to their unpredictable and inconsistent growth-promoting 2 7 8 and disease-suppressive properties 18 . Plants shape the structure of rhizosphere Evaluation of the bacterial collection enriched in the rhizosphere of tomato 2 9 2 plants showed that strains from several genera displayed multiple plant-beneficial Ochrobactrum and Chryseobacterium strains inhibited Vd and Fox growth by 2 9 5 producing DSM and/or VOCs (Fig. 1) . The ability of Bacillus species to inhibit Vd 2 9 6
and Fox growth both in vitro and in vivo has been extensively reported in the Chryseobacterium strains against Fox, Vd or both pathogens has been reported in in 2 9 9 vitro, greenhouse and field trials 62-67 whereas some strains belonging to 3 0 0
Ochrobactrum suppressed the incidence of Fusarium wilt in greenhouse species to produce or modify hormonal signals is also well-documented 68,70-72 . shown that microbes producing auxin or other molecules with auxin activity, can production and/or ACC deaminase activity ( Fig. 3 ). and/or activation of ISR 51,78 , and can help plants acquire more nutrients and grow 3 2 5 bigger either by the production of phytohormones or the inactivation of environmental 3 2 6 pollutants 79 . In our previous work, we found enrichment of Bacilli strains in the 3 2 7
rhizosphere of tomato plants that displayed both increased growth and enhanced 3 2 8 protection against soil-borne pathogens 26 . Therefore, we tested here whether 3 2 9
individual Bacilli isolates retain properties that could benefit the plant. Apart from the 3 3 0 antifungal activity and the growth-modulating compounds discussed earlier, we found 3 3 1 that a large part of the Bacillus strains produced hydrolytic enzymes and possessed 3 3 2 genes for CLPs biosynthesis (Fig. 4a ). Previous studies have shown that hydrolytic CLPs can stimulate host immune responses and trigger ISR in certain host plants 54, 82 .
In our study, the ability of the Bacillus isolates to form biofilm was verified in vitro The contribution of each microbe to a plant phenotype is a major challenge as 3 5 3 many processes with regard to host fitness are accomplished by microbial synergies. While the majority of biological control efforts has focused on single organisms in the shown that single isolates with the ability to suppress fungal wilt pathogens under 3 6 0 laboratory experiments often fail to induce disease suppression in the field due to low 3 6 1 survival in the soil 87, 88 . Other studies have linked species-richness of communities to 3 6 2 higher resistance against pathogen invasions 89, 90 . Therefore, practices that increase the 3 6 3 size of the bacterial community may also increase the suppressiveness in soils and/or 3 6 4 composts 89 . Here, we constructed two SynComs using a bottom up approach by mixing 3 6 6 selected bacterial strains that were exclusively recovered from tomato roots grown in 3 6 7 a suppressive compost. The rationale behind these artificial assemblies was to achieve properties against Fox and Vd (Fig. 1) . We reasoned that inclusion of the most contained only those Bacillus isolates that based on the in vitro pre-screening assays 3 7 7 showed antifungal and plant growth-promoting potential. Application of SynComs on 3 7 8 the roots of Arabidopsis and tomato plants in microcosm experiments produced 3 7 9 differential outputs. SynCom1 was able to promote growth of tomato ( Fig. 6 ) but 3 8 0 compromised root length and fresh weight of Arabidopsis (Fig. 5 ). SynCom2 did not 3 8 1 affect growth of Arabidopsis (Fig. 5 ) but promoted tomato growth (Fig. 6 ). Interestingly, SynCom1 that yielded the best growth-promoting effect on tomato, did In conclusion, our results support the notion that growth promotion of plants disease resistance is an emerging research field that can lead to promising solutions 3 9 7 for sustainable agricultural practices 43 . We propose that microbial synthetic 3 9 8 communities can be used as compost inoculants to produce composts with desired 3 9 9 characteristics e.g. predictive biocontrol of targeted pathogens. In that direction, Each bacterial isolate was tested three times. The effect of bacterial isolates VOCs on Vd and Fox growth was assessed 4 2 7 using the bottoms of two Petri dishes. A 5-mm mycelium plug was added in one dish Murashige and Skoog medium (MS, Sigma-Aldrich) with 1.5% sucrose, 0.4% TSB 4 3 2 and 1.5% agar 29 . The dish with the bacterial culture was inverted over the dish with 4 3 3 the fungal mycelium plug, allowing physical separation between them and both dishes 4 3 4
were sealed with Parafilm and incubated at 25°C. Petri dishes containing Vd or Fox 4 3 5 exposed to a Petri dish containing only bacterial medium served as controls. Fungal 4 3 6 growth inhibition was calculated as described above and each bacterial isolate was 4 3 7 tested 4 times. was cultured on TSB and after 24-48 h of growth, cells were centrifuged at 2,600 g 4 4 7
for 7 min at 4°C, washed twice in 10 mM MgSO 4 and finally resuspended in 10 mM were measured as previously described 31 . Production of IAA by the bacterial strains was measured in culture supernatants using 4 5 5
Salkowski's reagent 32 . Absorbance was measured at 535 nm with a Tecan Infinite Bacilli compared to other genera in the rhizosphere of tomato plants (33%, 5 0 5
Supplementary Information Table S1 ) can explain by itself the beneficial effects on 5 0 6 plant fitness. Each bacterial isolate was grown for 48 h in TSB (180 rpm, 25°C). Cultures were 5 1 0 rinsed with a 10 mM MgCl 2 sterile solution and then centrifuged (2,600 g, 8 min).
1 1
This process was repeated twice and cells were resuspended in 10 mM MgCl 2 5 1 2 solution. The OD 600 of each suspension was adjusted to 0.5 (~2.75 x 10 8 cfu ml -1 ).
1 3
SynComs were obtained by mixing the isolates in equal ratios. For the Arabidopsis
experiments, each SynCom suspension was diluted to a final concentration of 10 5 cfu 5 1 5 ml -1 42,43 . Arabidopsis seedlings were inoculated by applying 10 μ l of a bacterial 5 1 6
suspension to the primary root of each seedling, immediately below the hypocotyl 44 .
1 7
For SynComs tomato pot experiments, 2 ml of each SynCom suspension (OD 600 =0.5) Arabidopsis seeds were grown as described above. Uniform 6-d-old seedlings were 5 2 4 transferred on 1x MS agar plates without sucrose, inoculated with a SynCom or 5 2 5
MgCl 2 (control) and were further grown for 20 d in a growth chamber (22°C; 16h 5 2 6 light, 8h dark; light intensity 100 μ mol m -2 s -1 ).
2 7
Tomato (Solanum lycopersicum) cv. Ailsa Craig seeds were surface- Experiments for the determination of plant morphological parameters 5 3 5
In the Arabidopsis-SynComs experiments, measurements of shoot and root fresh 5 3 6
weight and primary root length were performed after 20 d of co-cultivation with the 5 3 7
SynComs. For root hair length measurements, 5 individual roots per treatment were 5 3 8
obtained and in each root the length of 27-34 root hairs was quantified by ImageJ Pathogenicity experiments were performed on tomato plants at the four-leaf stage.
2
Plants were grown in sterile potting substrate alone or with a SynCom as described orbital shaker (140 rpm) at 25°C, was passed through cheesecloth to remove mycelia.
5
Conidial concentration was adjusted to 10 7 conidia ml -1 and each seedling was collapse) as a percentage of the total number of leaves of each plant. Symptoms were
